Abstract. Many researchers who have studied the relationships between milk protein polymorphisms and some yield traits in dairy cattle have reported incompatible results. In this study, in order to examine the overall relationships between milk protein genes known as major genes (CSN1S1, CSN2, CSN3, and BLG) and some yield traits (daily milk yield, lactation milk yield, fat yield, fat content, protein yield, and protein content), a meta-analysis was performed using some genetic models reported in the results of previous studies on cattle. The results suggest that the relationships of major milk protein genes with other factors should be studied using the codominant genetic model in general. Relationships among some CSN3 genotypes and fat yield, fat content, and protein content, and relationships between some BLG genotypes and daily milk yield, fat content, protein yield, and protein content were significant (P <0.05). No significant (P >0.05) relationships were found between these genotypes and other milk production traits. In addition, no significant (P >0.05) relationships between the CSN1S1 and CSN2 genotypes with the milk production traits examined were observed.
Introduction
For more than 50 years, many studies have reported alternative forms of milk protein genes and examined the relationships between these genetic variants and economic yield traits. Many studies look at the relationship between milk protein genetic variants and various milk production traits. Some authors reported the possibility of using milk protein as a polymorphic genetic marker (Eenennaam and Medrano, 1991; Chung et al., 1996; Kaygisiz and Dogan, 1999; Ikonen et al., 1999; Cardak, 2005; Alipanah et al., 2008; Heck et al., 2009; Mohammadi et al., 2013; Djedovic et al., 2015; Dyman et al., 2015) . However, these relationships were reported to be non-significant by other researchers (Sekerden et al., 1999; Jusczak et al., 2001; Micinski et al., 2006; Ozdemir and Dogru, 2007; Gurcan, 2011; Dogru, 2015a; Molee et al., 2015) .
Although numerous relationship studies between milk protein gene polymorphic systems and some economic yield traits have been published, the results are conflicting. These discrepancies may be due to differences in the sample size, breeds studied, environmental effects, gene-environment interactions, and study designs. The conflicting results of these studies, which are performed and frequently repeated in various countries, do not benefit breeders.
Meta-analysis is a test method in which the results of many studies performed in the field are used, which offers more powerful results. Importantly, the different studies used can utilize different samples and the results can be conflicting. Meta-analysis is beneficial for studies intensively repeated with an insufficient number of samples and for those in which the results are not in the proper format because sufficient criteria have been generated for the meta-analysis when the results of many studies are used. Different individual study results are combined and analyzed in the meta-analysis. Then, it is possible to achieve more powerful results in experiments using this analysis due to the randomness and sufficient sample size.
Meta-analysis has a number of potential advantages. These are an increase in power, an enhancement in accuracy, the ability to answer questions that are not responded to by individual studies, and the opportunity to resolve controversies that originate from contradictory requirements. Nevertheless, meta-analysis also has some disadvantages, one of which is the risk of serious misleading, especially when specific study designs, such as within-study biases, variation across studies, and reporting biases are not carefully analyzed. Being familiar with the type of data (e.g., categorical or continuous) which result from the measurement of an outcome in an individual study and choosing the appropriate effect measures in order to compare intervention groups bear great importance. The majority of meta-analysis methods represent variations on a weighted average of the effect estimates from various studies.
In this study, the aim was to conduct a meta-analysis on the results of previous dairy cattle studies with the purpose of analyzing the overall relationships between milk protein genes, which are known as major genes (alphas1-casein (αs1-CN, CSN1S1), beta-casein (β-CN, CSN2) kappa-casein (κ-CN, CSN3) and beta-lactoglobulin (β-LG, BLG)), and a number of production traits.
Materials and methods

Materials and data extraction
Scientific journals were searched for published papers in English on genetic relationships between milk protein polymorphism and milk production traits in several databases (Web of Science, Science Direct, and Google Scholar), and 120 original publications from 1986 to 2016 were collected; the number of articles has been reduced for reasons such as suitability to criteria used and the presentation of results, and 40 papers were chosen. Of the collected publications, 15 consisted of alphas1-casein (10 506 yield records), 13 of them consisted of beta-casein (nearly 2223 yield records), 32 of them consisted of kappa-casein (nearly 7883 yield records), and 28 of them consisted of beta-lactoglobulin (nearly 2598 yield records). All selected papers met the three following criteria: (1) the relationship between milk protein polymorphism and milk production traits (daily milk, lactation milk yield, fat yield, fat content, protein yield, and protein content), (2) number of genotypes per animal breeds, and (3) the average and standard deviation or error of the related yield trait of each genotype (standard errors were converted to standard deviations using a statistical formula).
We extracted study content and data independently using a standard form prepared in Excel. The content of the studies included the first author's name, year of publication, country, breed, number of animals examined, number of genotypes, Hardy-Weinberg equilibrium, mean of the related yield traits of genotypes, standard deviation of means, and statistical significance level of the relationship. For the statistical analysis, this information was carefully organized by authors in order to avoid errors.
Statistical analysis
All statistical analyses were conducted using STATA version 11.2 (StataCorp 2001; Stata Statistical Software) . A p value less than 0.05 was accepted as statistically significant.
The data set was separately organized for each gene region, and the methods below were followed.
-In the meta-analysis, the analysis of differences between means is performed using a random or fixed model. Model selection was based on whether the effects of the studies were homogeneous or heterogeneous (Higgins and Thompson, 2002 ). The fixed model was used when the study results were homogeneous, and the random model was used when they were heterogeneous. The heterogeneity assumption was calculated based on I 2 statistics (for the test of heterogeneity, the significant level (P ) was set as 0.10).
-The heritage pattern of the alleles to be used in this study was examined as dominant (AA + AB versus BB), completely overdominant (AA + BB versus AB), recessive (AA versus AB + BB), or codominant (AA versus AB, AA versus BB, and AB versus BB).
-In the analysis of factors, genotype differences related to yield trait were evaluated separately according to the growing types of cattle breeds (dairy subgroup: dairy cattle breeds; other subgroup: dual purpose breeds, various crossbreeds; overall).
-The standard mean differences (SMDs) and standard errors were calculated with a 95 % CI (confidence interval) to evaluate the strength of the relationship among the yield trait means of each of the gene variants examined. This procedure was used in the comparison of multiple pairwise variants.
-In the calculation of SMD, the Cohen method (Cohen, 1988) was used when the number of studies was greater than 10, and the Hedges method (Hedges, 1981) was used when it was lower than 10. In cases in which the number of studies was > 10, the Cohen method for standardized mean differences was advantageous because it has a tendency to overestimate the effect of size. However, if the number of studies is small, the Hedges method for standardized mean differences is advantageous (DeCoster 2009; Borenstein et al., 2009 ).
Results and discussion
The data sets used in this study were organized separately by economic production traits, loci, and genetic models. (Cohen or Hedges) were used based on whether the studies were homogeneous or heterogeneous are presented in Tables 1, 2 , 3, 4, and 5. The heterogeneity test, SMD, 95 % CI values, its % weight, and P values of the pairwise comparisons are presented in the tables as well.
Analysis of CSN3 genotypes
Using 13 studies, no significant relationships could be determined between CSN3 genotypes (AA vs. AB, AA vs. BB, and AB vs. BB) and daily milk yield in all cattle and subgroups (P >0.05). In terms of daily milk yield, although the ranking was observed to be AA > AB > BB in the dairy group, it was observed to be exactly the opposite in the other group. However, when analyses were performed according to the recessive model, the dairy subgroup AA vs. AB + BB genotype mean difference was found to be statistically significant (P <0.05) and was observed to provide advantages in favor of AA (Table 1) . In some individual studies performed previously, it was reported that CSN3 AA and AB genotypes had superiority (Cardak, 2005; Pawelska-Goral et al., 2008; Bartonova et al., 2012; Molee et al., 2015) . Some researchers reported that daily milk yield means were not significant among CSN3 genotypes (Dogru, 1994; Ozdemir and Dogru, 2005; Gurcan, 2011) .
When 28 studies were used, a significant relationship could not be determined between CSN3 genotypes and lactation milk yield in all cattle and milk type cattle groups (P >0.05). In the analysis performed according to the recessive genetic model, a significant difference was observed in favor of the AA-only genotype in the other subgroup (P <0.05); significant differences among groups were not observed when compared to other models (P >0.05). In the individual studies performed, some authors reported that lactation milk yield means were significant among CSN3 genotypes (Dogan and Kaygisiz, 1999; Alipanah et al., 2008; Djedovic et al., 2015) , and other authors reported that mean differences were not significant (Eenennaam and Medrano, 1991; Bovenhuis et al., 1992; Kaygisiz et al., 1999; Ozdemir and Dogru, 2005; Dogru, 2015a) .
Using 20 studies, a significant relationship could not be established between CSN3 genotypes and fat yield in all cattle (P >0.05); however, the AA vs. AB genotype fat yield means were found statistically different (P <0.05) and the AA genotype was found superior in the dairy subgroup. In the other subgroup, statistically significant relationships were not determined between fat yield means belonging to genotypes (P >0.05). According to the completely overdominant model, statistical significance was determined against AB in the dairy subgroup and in favor of the AB variant in the other subgroup (P <0.05). In the analysis performed according to the recessive model, while a significance in favor of the AA genotype was determined in dairy subgroup, a significant difference for only the AA genotype was found in the other subgroup (P <0.05). In the individual studies performed, while some authors reported that fat yield means were significant among the CSN3 genotypes and reported a superiority in favor of the AB genotype (Alipanah et al., 2008; Dogru, 2015a; Djedovic et al., 2015) , other authors reported that the mean differences were not significant (Eenennaam et al., 1990; Bovenhuis et al., 1992; Cardak, 2005; Ozdemir and Dogru, 2005; Zhang et al., 2007; Heck et al., 2009; Alim et al., 2015) . Consequently, as a result of the meta-analysis performed, the use of the CSN3 AB variant in programs that seek to improve fat yield will be useful as an indirect marker.
A total of 32 studies were used to assess the relationship between CSN3 genotypes and fat content. A statistically significant relationship (P <0.05) was determined between AA vs. BB genotypes in all cattle and fat content and between AA vs. BB and AB vs. BB genotypes in the dairy subgroup. Significant differences could not be found in terms of fat content in the other groups examined or among the other genotypes. Among all the models analyzed, only the dominant model revealed that the BB genotype in all the cattle and the dairy subgroup was different.
According to our results, there is a selection advantage in favor of BB genotype for milk fat content, and it can be used as a marker gene. In the individual studies performed, some authors reported that the fat content means were significantly different among the CSN3 genotypes and reported a superiority in favor of the BB genotype (Bovenhuis et al., 1992; Alipanah et al., 2008; Dogru, 2015a) ; other authors reported that the mean differences were not significant (Eenennaam and Medrano, 1991; Cardak, 2005; Ozdemir and Dogru, 2005; Zhang et al., 2007; Heck et al., 2009; Djedovic et al., 2015) .
The mean differences of the genotype groups examined for protein yield were found not significant according to all the genetic models (P >0.05). In individual studies performed, some authors reported differences between protein yield means and different CSN3 genotypes, including a significant preference for the BB genotype (Eenennaam and Medrano, 1991; Alim et al., 2015) ; however, other authors did not find these differences significant (Bovenhuis et al., 1992; Micinski et al., 2006; Alipanah et al., 2008) .
In the analysis in which 24 studies were used for assessing the relationship between CSN3 genotypes and protein content, a statistically high significant relationship (P <0.01) was determined between AA vs. BB and AB vs. BB genotypes in all cattle in terms of protein content. The relationship between AA vs. AB was found not significant (P >0.05) and the genotypic ranking in terms of protein content was found to be BB > AB > AA. A statistically significant relationship was determined between the protein content values and all CSN3 genotypes in the dairy subgroup, and the rank- ing of genotypes was observed to be BB > AB > AA (Table 1). A significant relationship could not be determined between the protein content means and any of the genotypes in the other subgroup (P >0.05). The BB variant was seen as advantageous when the analysis was performed according to the dominant model, and a significant relationship against the AA variant was found when the recessive model was used (Table 1) . Based on the results for other genetic models, the use of the CSN3 B allele as a marker to improve milk protein content in dairy cattle breeds should be considered.
Analysis of BLG genotypes
A total of 10 studies were used to assess the relationship between BLG genotype (AA vs. AB, AA vs. BB, and AB vs. BB) and daily milk yield, and highly significant differences were observed in all cattle and subgroups (P <0.01). Although only the difference among the AB vs. BB genotypes was found significant in the dairy subgroup (P <0.01), the differences between the means of AA vs. AB (P <0.01) and AA vs. BB (P <0.05) genotypes were found to be significant in the other subgroup. Although the differences between AA vs. AB (P <0.05) and AB vs. BB (P <0.01) genotype means were significant in all cattle, a difference among AA vs. BB means was not significant (P >0.05).
In terms of daily milk yield, AB > BB > AA. When using the completely overdominant model, the mean was found to be statistically superior in favor of AB. In individual studies performed, some researchers reported that the daily milk yield means were significant among BLG genotypes ( reported that the mean differences were not significant (Sekerden et al., 1999; Ozdemir and Dogru, 2007) . In the analysis in which 26 studies were used, a significant relationship was not observed between BLG genotypes and lactation milk yield in all cattle (P >0.05); however, a statistically significant relationship (P <0.05) was observed between AA vs. AB genotypes in the milk type group and between AA vs. BB genotypes in the other subgroup in terms of milk yield means. Superiority was observed in favor of AA for the dairy subgroup and in favor of BB for the other subgroup. The differences among lactation milk yield means for the other genotype pairs examined were not significant (P >0.05). Similar results were observed in the analyses performed according to the other genetic models. In the individual studies performed, some researchers reported that the differences in lactation milk yield means among BLG genotypes were significant Ojala et al., 2004; Heidari et al., 2009 ), yet other researchers reported that mean differences were not significant (Eenennaam and Medrano, 1991; Ozdemir and Dogru, 2007; Dokso et al., 2011; Dogru, 2015b) .
In the analysis in which 17 studies were used, a significant relationship was not observed between BLG genotypes and fat yield in the subgroups (P >0.05). Although a statistically significant relationship (P <0.05) was determined among AA vs. AB genotype means in all cattle, significant differences were not found among the other genotype means. The differences among the genotype means compared were not found significant in the analyses performed according to other genetic models. In the individual studies performed, some researchers reported the differences between fat yield means and BLG genotypes as significant and in favor of the BB genotype (Ojala et al., 2004; Felenczak et al., 2008 ), yet other researchers could not find significant differences (Eenennaam and Medrano, 1991; Ozdemir and Dogru, 2007; Micinski et al., 2006; Czerniawska et al., 2011; Dogru, 2015b) .
A total of 27 studies were used to assess the relationship between the BLG genotypes and fat content. Although a statistically significant relationship (P <0.01) was found between AA vs. BB (P <0.01) and AB vs. BB (P <0.05) genotypes in all cattle in terms of fat content and among AA vs. BB genotypes in the dairy subgroup, significant differences were not found in terms of fat content between the genotypes in the other subgroup (P >0.05). When the analysis was performed according to the dominant model, the fat content values of the BB variant were higher, and the difference was statistically significant. Using the recessive model, the AB + BB variant in the dairy subgroup was also statistically superior when compared to the fat content value of the AA variant (Table 1) . These results suggest that the BLG B allele can be used as a genetic marker in programs that seek to alter fat content. In the individual studies performed, some researchers reported that the BLG BB variant was significantly advantageous in terms of fat content values (Juszczak et al., 2001; Ojala et al., 2004; Czerniawska et al., 2011; Molee et al., 2015) . However, other studies reported that the differences among the fat content values of the different genotypes were not significant (Eenennaam and Medrano, 1991; Felenczak et al., 2008; Micinski et al., 2006; Ozdemir and Dogru, 2007; Dokso et al., 2011; Dogru, 2015b) .
In the groups examined, while BLG was seen as AA > AB > BB among the protein yield means of all genotypes, differences among mean values were not statistically significant (P >0.05). The differences among the protein yield means of BLG genotypes compared were not found significant in the analyses performed according to other genetic models (P >0.05). In individual studies performed, while the differences among protein yield means of BLG genotypes were reported to be significant in some studies (Ojala et al., 2004; Felenczak et al., 2008) , these differences were not significant in other studies (Eenennaam and Medrano, 1991; Micinski et al., 2006; Czerniawska et al., 2011) . A total of 19 studies were used to examine the relationship among the BLG genotype and protein content. Although a statistically significant relationship (P <0.05) was found between AA vs. AB and AB vs. BB genotypes in all cattle in terms of protein content, the relationship among AA vs. BB genotypes was not significant (P >0.05). While a statistically significant relationship (P <0.05) was observed among the AA vs. AB genotypes in the dairy subgroup and among the AB vs. BB genotype protein content values in the other subgroup, significant differences were not found among protein content values for the other genotypes examined (P >0.05). Based on these results, we conclude that the BLG homozygote genotypes are superior and this should be taken into consideration during selective breeding. In other genetic model analyses, the AA genotype was found to be superior in the dairy subgroup using the recessive model; superiority in favor of the BB genotype was just observed in the other subgroup using the dominant model. No significant relationships were found between the protein content values and other genotypes. In the individual studies performed, while some authors found the differences among protein content means in the various BLG genotypes significant (Ojala et al., 2004; Felenczak et al., 2008; Mohammadi et al., 2013; Dyman et al., 2015) , other authors did not find the differences significant (Eenennaam and Medrano, 1991; Ikonen et al., 1999; Botara et al., 2009; Molee et al., 2015) . 
Analysis CSN2 genotypes
Few publications have examined CSN2. In the analyses to assess the relationship between the genotypes and yield traits, fat yield and AA vs. AB genotypes were found statistically significant only in the other subgroup (P <0.05); no significant relationships were observed for any of the other genotypes and traits (P >0.05). In the analyses performed using other genetic models, only the fat yield values for genotypes in the other subgroup were found significant when using the recessive and completely overdominant models. The difference in genotype mean values was significant in the other subgroup for lactation milk yield also. The differences among all other genotype means were not significant (P >0.05). In some of the individual studies examining CSN2, differences among the CSN2 genotypes were reported to be significant regarding daily milk yield (Heck et al., 2009; Gurcan, 2011; Molee et al., 2015) , lactation milk yield (Dogru, 1994; Ikonen et al., 2001; Micinski et al., 2006) , protein content (Cardak, 2005; Micinski et al., 2006) , fat content (Dogru, 1994; Cardak, 2005) , and fat yield (Dogru, 1994) . In other studies, these differences in genotypes were not significant for daily milk yield (Dogru, 1994; Gurcan, 2011; Ozdemir and Dogru, 2007) , lactation milk yield (Eenennaam and Medrano, 1991; Kaygisiz et al., 1999; Ozdemir and Dogru, 2007) , protein content and fat content (Eenennaam and Medrano, 1991; Sekerden et al., 1997; Micinski et al., 2006) , and protein yield and fat yield (Eenennaam and Medrano, 1991; Sekerden et al., 1997; Micinski et al., 2006) . A study conducted by Ikonen et al. (2001) indicated that CSN2 BB variants might be useful in direct selection programs for improving milk and fat yield. This finding is further supported by a study conducted by Chung et at. (1996) that reported a highly significant relationship between the CSN2 AA variant and fat content. However, our meta-analysis results indicate that none of the CSN2 variants provide an advantage, indicating that they are not particularly useful for improvement programs.
Analysis of CSN1S1 genotypes
Few CSN1S1 studies were suitable for the meta-analyses, so only the relationship between the BB and BC genotypes and yield traits could be examined. Previous studies did not provide sufficient data to assess the other genotypes. According to the results of the meta-analysis performed, highly significant differences (P <0.01) were seen between the BB and BC genotype values in terms of protein content in the dairy subgroup and in terms of protein yield in the other subgroup and in all cattle. The differences for other yield traits were not significantly different among other genotypes (P >0.05).
In the individual studies performed, significant differences among genotypes in terms of fat content, fat yield, protein content, and protein yield were found by a number of authors (Bovenhuis et al., 1992; Cardak, 2005) ; in contrast, many researchers reported the relationships between the yield traits and CSN1S1 genotypes as not significant (Bovenhuis et al., 1992; Ozdemir and Dogru, 2004; Cardak, 2005; Micinski et al., 2006; Gurcan, 2011; Hristov et al., 2013) . Our metaanalysis results indicate that CSN1S1 variants will not provide any advantage in improvement programs for any of the traits examined.
Conclusions
In this meta-analysis, the relationships between major milk protein genes and some economic yield traits were analyzed and evaluated according to several genetic models. The meta-analysis demonstrated that the relationships of major milk protein genes with other factors should be examined using the codominant genetic model in general. Significant relationships were determined for the CSN3 genotypes and fat content and protein content when examined using the meta-analysis. Significant relationships were also determined among the BLG genotypes and daily milk yield, fat content, protein yield, and protein content. This suggests that these major genes will be useful for the improvement of the economic yield traits examined and can be used as molecular markers. Furthermore, our analyses generally showed that there were not relationships between the CSN1S1 and CSN2 polymorphisms and any of the yield traits examined, and these genes will not be useful as markers for the improvement of traits. Moreover, the meta-analysis performed helped to clarify contradictory studies present in the field.
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